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PROCESS OF PURIFICATION 



Technical field 

The present invention relates to the field of biotechnology, and more specifi- 
cally to the purification of biological compounds, such as proteins, antibodies 
and the like. Thus, the present invention relates to a method of liquid chroma- 
tography for the purification of a target compound from one or more other 
components of a liquid as well as to a kit that enables performing such purifica- 
tion. 

Background 

Biotechnological methods are used to an increasing extent in the production of 
proteins, peptides, nucleic acids and other biological compounds, for research 
purposes as well as in order to prepare novel kinds of drugs. Due to its versatil- 
ity and sensitivity to the compounds, chromatography is often the preferred pu- 
rification method in this context. The term chromatography embraces a family 
of closely related separation methods, which are all based on the principle that 
two mutually immiscible phases are brought into contact. More specifically, the 
target compound is introduced into a mobile phase, which is contacted with a 
stationary phase. The target compound will then undergo a series of interac- 
tions between the stationary and mobile phases as it is being carried through 
the system by the mobile phase. The interactions exploit differences in the 
physical or chemical properties of the components in the sample. 

In liquid-solid chromatography, commonly referred to simply as liquid chroma- 
tography, the target compound is present in a liquid together with one or more 
contaminants or undesired substances. Said liquid is contacted with a stationary 
phase, known as a matrix, which is commonly comprised of either a collection 
of homogenous, porous or non-porous particles or a monolith of organic or in- 
organic origin. The properties of the separation matrix will in large decide the 
efficiency obtained when used in a separation process, such as chromatogra- 



phy. Usually, a separation matrix is comprised of a carrier to which groups ca- 
pable of interaction with the target and known as ligands have been coupled. 
Thus, the ligands will impart to the carrier the ability to effect the separation, 
identification, and/or purification of molecules of interest. A review of various 
chromatography methods useful for protein purification is provided e.g. in Pro- 
tein Purification - Principles, High Resolution Methods and Applications (J.-C. 
Janson and L. Ryden, 1989 VCH Publishers, Inc.). 

Thus, in brief, ion-exchange chromatography is a well-known method of frac- 
tionation frequently used for isolation of biological compounds, such as pro- 
teins. The basis for the ion-exchange process is the competitive binding of ions 
of one kind, such as proteins, for ions of another kind, such as salt ions, to an 
oppositely charged matrix known as the ion-exchanger. The interaction be- 
tween the proteins and the ion-exchanger depends on several factors, such as 
net charge and surface charge distribution of the protein, the ionic strength and 
the nature of the particular ions in the solvent, the proton activity (pH) etc. 
More specifically, the adsorption stage of ion-exchange chromatography usu- 
ally occurs in dilute salt solutions, i.e. solutions of relatively low conductivity, 
where charge-charge interactions are strong; while the elution stage occurs in 
solutions of higher conductivity. Differential elution of mixtures of substances 
often requires elution with gradients of increasing salt concentration. Further- 
more, if two ion-exchange steps are combined, since a high conducting solution 
is used for elution of the first column, a dilution step will be required before the 
elute of interest can be loaded onto the subsequent ion-exchanger. For this rea- 
son a dilution step is also required before the first column if the mobile phase is 
a fermentation broth comprising e.g. recombinant proteins. However, the need 
for dilution will increase the volumes and sizes of equipment required, increas- 
ing the cost of the process and making it more cumbersome to work. 



Affinity chromatography owes its name to the exploitation of various affinities 
for adsorption to a solid phase. Useful in affinity chromatography are e.g. in- 



teractions between a protein and low molecular weight substances; between 
bioinformative molecules such as hormones and receptors; and between bio- 
polymers, in particular proteins. Examples can be found in all areas of struc- 
tural and physiological biochemistry such as in multimolecular assemblies, ef- 
fector-receptor interactions, DNA-protein interactions and antigen-antibody 
binding. Protein A and Protein G affinity chromatography are today maybe the 
best established methods for isolation and purification of immunoglobulins, 
particularly for isolation of monoclonal antibodies, mainly due to the ease of 
use, the outstanding selectivity and the high purity obtained. In many cases elu- 
tion from an affinity matrix requires increasing solution conductivity or altering 
pH so as to reduce charge-charge or other interactions. However, for reasons 
discussed above, in a multi-step chromatography procedure conventional affin- 
ity chromatography using salt gradient elution will require a subsequent dilu- 
tion step before the next step of ion-exchange chromatography. 

In hydrophobic chromatography (HIC), a hydrophobic interaction is utilised for 
the binding of target compounds, such as proteins, to matrices that present hy- 
drophobic ligands. More specifically, the surfaces of globular proteins typically 
have extensive hydrophobic patches, which bind to hydrophobic ligands on 
matrices. Thus, HIC adsorption is typically done in high conductivity solutions. 
The release of target compounds is commonly obtained by running a gradient 
of decreasing salt concentration and utilising the differences in the strength of 
interaction between target and ligands. In some cases, a decrease of the solvent 
polarity is also needed for elution. Thus, a bound compound may be released 
from the matrix by lowering the concentration of lyotropic salt in a continuous 
or stepwise gradient. If a highly pure product is the object, it is often recom- 
mended to combine the hydrophobic chromatography with a further step. How- 
ever, if HIC is to be combined with a preceding ion-exchange step, to obtain 
the required conductivity in the mobile phase before loading thereof onto the 
HIC column, salt will need to be added. 



Thus, at present, most biomolecules, such as proteins, are purified by processes 
involving a series of purification steps often involving one or more chroma- 
tographic steps. However, the cost and efficiency of many processes are dra- 
matically affected by dilutions, pH changes, and other operations necessary to 
interface various separation steps. The above suggests that if one could operate 
multi-step chromatographic processes using solutions of more similar salt 
composition or conductivities, i.e. without extensive salt change or dilution, it 
would make such processes more effective. Such a multi-step chromatographic 
process would be especially advantageous if it also involved increased dynamic 
capacities of the matrices. 

Another combination of two or more purification steps is disclosed in US 
3,869,436 (Statens Bakteriologiska Laboratorium), which relates to a method 
of fractionating plasma proteins using ion-exchange chromatography. More 
specifically, US 3,869,436 discloses a method wherein in brief, the globulins in 
the plasma are precipitated with poly(ethylene glycol); adsorbing the globulins 
from the dissolved precipitate on a cation-exchanger; precipitating the eluate 
with poly(ethylene glycol) (PEG) and adsorbing the globulins from the dis- 
solved precipitate on an anion-exchanger. However, precipitation steps are of- 
ten time consuming and laborious. 

Poly(ethylene glycol) (PEG) has also been suggested as a mobile phase modi- 
fier in hydrophobic interaction chromatography (HIC) for purification of vari- 
ous proteins including monoclonal antibodies (Pete Gagnon, Purification Tools 
for Monoclonal Antibodies, Ch. 6, pp. 103-126 in Validated Biosystems, Tuc- 
son, AZ, 1996, ISBN 0-9653515-9-9). PEG has also been advocated as a mo- 
bile phase additive for hydrophilic interaction chromatography (HILIC), which 
is a chromatographic method similar to HIC, but employing more hydrophilic 
matrices and relying more on cohydration than hydrophobic interactions (Pete 
Gagnon, Purification Tools for Monoclonal Antibodies, Ch. 8, pp. 138-143, 



Validated Biosystems, Tucson, AZ, 1996, ISBN 0-9653515-9-9). The PEG is 
run in a gradient, as the conventional use of salt. The apparent mechanism of 
the salt and PEG is to bind mobile phase water, which favours protein cohydra- 
tion interaction to the matrix where more hydrating water is retained. 

In order to improve binding efficiencies in affinity chromatography, P. Gagnon 
(Pete Gagnon, Purification Tools for Monoclonal Antibodies, Ch. 9, pp. 159, 
Validated Biosystems, Tucson, AZ, 1996, ISBN 0-9653515-9-9) explored 
some of the primary operating variables in the Protein A binding of IgG, which 
binding has been documented as being predominantly hydrophobic. To charac- 
terise the basic means by which Protein A binding can be optimised, surface 
tension, volumetric exclusion and dielectric constant were evaluated individu- 
ally and in limited combinations by adding betaine or poly(ethylene glycol) 
(PEG) to the binding buffer. It was concluded that surface tension and volumet- 
ric exclusion both enhanced binding with roughly equal effectivity, while the 
dielectric constant had no apparent effect. It was also noted that poly(ethylene 
glycol) (PEG) produced a response similar to precipitating salts. 

Finally, poly(ethylene glycol) (PEG) has been suggested as an additive to the 
load of fermentation broths of high conductivity levels to enhance the dynamic 
binding capacity of ion-exchange chromatography (Chavez et al: "Increased 
Dynamic Binding Capacity in Ion-exchange Chromatography by Addition of 
Poly(ethylene glycol)", Abstract from Recovery of Biological Products XI 
meeting, Banff, Canada, September 14-19, 2003). Model proteins were tested 
on the matrices Fractogel™ S0 3 and Fractogel™ TMAE (EM Industries) and 
SP Sepharose™ and Q Sepharose™ FF (Amersham Biosciences, Uppsala, 
Sweden). Fractogel™ comprises a carrier of cross-linked polymethacrylate, 
with a pore size of about 800 A, wherein to which the functional ion-exchanger 
groups are bonded via linear polymer chains. Sepharose™ is a porous cross- 
linked agarose carrier to which S or Q groups have been covalently coupled. 
The proposed mechanism is that the hydrated PEG disrupts the protein and 
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resin hydration shells. Consequently, it becomes favourable for the protein to 
bind to the resin, even under high conductivity conditions. The disclosed effect 
is most pronounced with both higher PEG MW, such as above 3350, and pro- 
tein MW. Not surprisingly, this observation is analogous to PEG precipitation 
properties. 

However, in spite of the above work related to mobile phase PEG enhancing 
the capacity of single media, there is still need for the deeper scientific appre- 
ciation which allows adaptation of such effects to improve the efficiency of 
multi-step bioseparation processes. 

Summary of the present invention 

One object of the present invention is to provide a method of purification of 
one or more biological compounds by chromatography involving two or more 
steps wherein the dynamic binding capacity of a chromatography matrix is en- 
hanced. This can be achieved by using a combination of two or more steps of 
affinity chromatography and/or ion-exchange and/or hydrophobic interaction 
chromatography, wherein a non-ionic polyether, such as polyethylene glycol) 
(PEG), is added to the mobile phase. 

Another object of the present invention is to provide a multi step chroma- 
tographic method, wherein the efficiency is improved by reducing dilution 
steps or volumes. 

Thus, a specific object of the invention is to provide a chromatographic method 
comprising two or more consecutive ion-exchange steps, wherein the need to 
dilute the mobile phase between said steps is reduced or even eliminated. 

Another specific object of the invention is to provide a chromatographic 
method comprising an affinity step followed by an ion-exchange step, wherein 
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there is no need of dilution of the eluate from the first step before loading 
thereof onto the second step. 

Yet another specific object of the invention is to provide a chromatographic 
method comprising an ion-exchange step followed by a hydrophobic interac- 
tion chromatography step, wherein the need of adding any salt to the eluate 
from the first step before loading thereof onto the second step is reduced or 
avoided. 

A specific object of the present invention is to provide a method of purification 
of biological compounds such as proteins, wherein a non-ionic polyether, such 
as poly(ethylene glycol) (PEG) is added to the mobile phase before the adsorp- 
tion step, but is not included in the elution step, which method avoids the need 
of clearance of residual PEG from the product 

Further objects and advantages of the present invention will appear from the 
detailed description that follows. 

Brief description of the drawings 

Figure 1 compares a three-step protein purification process according to the in- 
vention in the presence (right) and absence (left) of a non-ionic polyether by 
presenting a comparison of hypothetical affinity capture, IEX purification and 
HIC polishing steps. Note how the latter avoids costly dilution or desalting 
steps, and switching between high and low salt buffers. Related pH adjustment 
steps are comparable and not shown. 

Figure 2 compares in a flow chart similar to Figure 1 a three-step protein puri- 
fication process according to the invention in the presence (right) and absence 
(left) of a non-ionic polyether: affinity chromatography, ion-exchange chroma- 
tography and ion-exchange chromatography. 

Figure 3 shows the effect of different lyotropic series salts on the ability of mo- 
bile phase added non-ionic polymer to enhance the dynamic capacity (Qbio%) 



of bovine serum albumin protein on both two commercially available chroma- 
tography matrices. The effect increases in the normal ion-exchange (IEX) order 
Nal < NaCl < NaAc = NaF. 

Figure 4 is a chromatogram showing frontal analysis using BSA with PEG 
added to the buffer. At 10% breakthrough the column was washed with the 
same buffer containing PEG and protein is retained on column. 

Figure 5 shows in a diagram how the BSA dynamic capacity of a commercial 
cation-exchanger for BSA in increases with added mobile phase concentration 
(addition at adsorption) of PEG. 

Figure 6 shows how mobile phase added PEG, i.e. a non-ionic polyether added 
before the adsorption, increases the dynamic capacity of two commercial 
cation-exchangers. 

Figure 7 shows how mobile phase added PEG enhances the dynamic capacity 
of a commercial cation-exchanger matrix for both polyclonal and monoclonal 
antibody samples, with the effect more pronounced in buffers with higher salt 
concentration. 

Figure 8 shows how mobile phase added PEG is able to also enhance the dy- 
namic capacity of a commercially available affinity matrix for polyclonal anti- 
body. 

Definitions 

The term a "biological compound" means any biological molecule or com- 
pound, such as proteins, peptides, amino acids etc. 

The term "affinity" chromatography and matrix refers to biological affinity, 
such as antigen-antibody; enzyme receptor etc. 

The term "mobile phase" means the buffer used in the adsorption step. 

The term "matrix" means herein a porous or non-porous carrier to which lig- 

ands have been immobilised. 

The term "media" is sometimes used herein with reference to a matrix. 



The term "ligands" means herein any compound that comprises functional 
groups capable of interacting with a target compound. 

The term a "charged ligand" means a ligand that comprises groups, which in 
their charged state are capable of electrostatic interaction with a target com- 
pound. 

The term "carrier surfaces" includes the external surface and, in the case of a 
porous carrier, the pore surfaces. 

The term an "antibody compound" embraces functional antibody fragments 
and fusion proteins comprising antibodies. In this context, a "functional" anti- 
body fragment means a fragment, which has retained essentially the original 
binding properties of the antibody. 

Detailed description of the invention 

The present invention relates to purification of target compounds, such as anti- 
bodies and antibody compounds, by chromatography. More specifically, the 
present inventors have found that addition of a non-ionic polyether to the ad- 
sorption buffer results in an unexpected binding capacity, especially if two or 
more chromatographic steps using such addition are combined* In fact, the pre- 
sent invention is efficient even at high salt concentration, which reduces the 
need to dilute prior to adsorption and allows for enhanced process efficiency. 

Thus, in a first aspect, the present invention relates to a method of isolating a 
target compound from other component(s) of a liquid by at least two chroma- 
tographic steps, which method comprises to contact the liquid, in any sequence 
of order, with an affinity chromatography matrix and/or an ion-exchange ma- 
trix and/or a hydrophobic interaction chromatography matrix to provide inter- 
actions between the target compound and the matrices, wherein the contacting 
with at least one of the matrices takes place in the presence of a buffer which 
comprises a non-ionic polyether. 
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Thus, said buffer, which may be a conventional mobile phase salt buffer solu- 
tion which comprises a non-ionic polyether, is added to the liquid that com- 
prises the target compound, before the total process or after elution from a pre- 
ceding step, and the resulting mixture then constitutes the mobile phase in the 
subsequent chromatography. In this context, it is understood that the interac- 
tions provided between the target compound and the matrix may be adsorption, 
i.e. binding of the target, or a retardation of the target compound in relation to 
other component(s). 

With the exception of the addition of a non-ionic polyether to the mobile 
phases, the chromatography steps of the present method are performed in ac- 
cordance with the conventional general operating conditions and well known 
principles of the field. Conventional chromatography columns are conveniently 
used for each step, the size of which are adapted for each case, as is the starting 
materials, buffers, matrices, including the functional groups of the ligands, etc. 

In a first embodiment, the present method comprises two or more consecutive 
ion-exchange steps. The ion-exchange may be cation-exchange or anion- 
exchange, depending on the charge of the target compound under the prevailing 
conditions. As will be shown in the experimental part below, the presence of a 
non-ionic polyether, such as PEG, in the mobile phase applied to the second 
step enables to perform two consecutive ion-exchange steps without any inter- 
mediate dilution, regardless of the salt gradient used for elution of the first col- 
umn. Thus, the present invention allows ion-exchange under conductivities 
where the target compound would normally elute, such as conductivities that 
often result from recombinant manufacture of proteins and peptides via fermen- 
tation. Hence, since no substantial dilution of a fermentation broth or an eluate 
from a preceding ion-exchange step is required, the present invention allows 
substantial savings as regards both operating volumes and total costs. As is also 
shown below, adding PEG to the mobile phase of an ion-exchange step accord- 
ing to the invention was unexpectedly shown to increase the dynamic binding 



capacity (DBC) of a model protein between four and six times, as compared to 
conventional ion-exchange. This effect will herein sometimes be denoted the 
"PEG effect". Common buffers can be used to modify this effect, such as so- 
dium acetate, and an increase of the salt concentration has been shown by the 
present inventors to increase the PEG effect. An illustrative concentration of 
PEG in an ion-exchange step is about 6-10%, such as about 8% PEG 

In an alternative embodiment, the present method comprises an affinity step 
followed by an ion-exchange step. Again, this embodiment can be performed 
without the need to dilute the eluate from the first step before it is loaded onto 
the subsequent step, allowing substantial savings in process volumes and econ- 
omy. In the experimental part below, it will be shown how the dynamic binding 
capacity (DBC) during the affinity step can be increased according to the in- 
vention by values such as 1 .5 times the corresponding conventional step with- 
out addition of non-ionic polyether. An illustrative concentration of non-ionic 
polyether, such as PEG, in an affinity step is about 4-8%, such as about 6% 
PEG. In a specific embodiment, the present method is a three step process com- 
prising an affinity chromatography step followed by two ion-exchange steps. 

In another alternative embodiment, the present method comprises an ion- 
exchange step followed by a hydrophobic interaction chromatography (HIC) 
step. In this embodiment, an advantage as compared to the corresponding com- 
bination of steps without the addition of non-ionic polyether is that the re- 
quirement to increase the conductivity of the mobile phase between the two 
steps by adding salt will be greatly reduced or even eliminated, since the first 
step can be performed without the conventional dilution. As the skilled person 
will realise, this advantage applies in the case of a liquid phase of an originally 
high conductivity, such as a fermentation broth comprising recombinantly pro- 
duced proteins or peptides. In a specific embodiment, the process is a three step 
process, wherein affinity chromatography precedes the ion-exchange and HIC. 
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The non-ionic polyether used as an additive in the present method comprises 
groups that are rich in oxygens. Such target substances are in a preferred em- 
bodiment polyethers, such as poly(ethylene glycol) (PEG), polypropylene gly- 
coL (PPG), PEG-PPG block copolymers, PEG-PPG copolymers, Pluronic™ 
(BASF) and other PEG-PPG-PEG triblock polymers, ethylhydroxyethylcellu- 
lose (EHEC) and similar polymers, polymerised aliylglycidyl ether, polymer- 
ised phenyl glycidyl ether, plus various surfactants and other compounds which 
utilise the above mentioned polyethers. In the most advantageous embodiment, 
the non-ionic polyether is polyethylene glycol) (PEG). In the present context, 
it is to be understood that the term PEG also embraces poly(ethylene glycol) 
which has been modified without affecting the advantageous properties dis- 
closed herein. 

The use of PEG as an additive to the mobile phase in a chromatography step 
will be described in detail in the Experimental part below. In brief, PEG is 
available from a number of commercial sources, such as Sigma- Commercially 
available PEG is denoted due to its molecular weight, such as PEG 4600, PEG 
8000 etc. In one embodiment, PEG of a molecular weight in the range of about 
1000 to about 20000, such as 5000-15000, e.g. about 10000, is used. 

In one embodiment, in the present method, the affinity matrix is comprised of 
protein iigands immobilised to a carrier. Use of protein or protein fragments as 
ligands in affinity chromatography is well known in this field, and there are 
numerous illustrative examples thereof. In one embodiment, the ligands are 
immunoglobulin-binding proteins, such as protein A or protein G, or immu- 
noglobulin-binding fragments thereof. In an advantageous embodiment, the 
protein ligands are Protein A. As is well known, Protein A is known as an af- 
finity ligand both in its native form and as a recombinant protein, both of which 
are included in this embodiment. 
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The carrier to which the affinity ligands have been immobilised can be of any 
organic or inorganic material. Thus, the carrier is e.g. a carbohydrate support as 
conventionally used in methods of purifying biological compounds, such as 
chromatography or filtration. The support may be solid, e.g. for use in ex- 
panded bed adsorption, or porous, as commonly used in liquid chromatogra- 
phy. In an advantageous embodiment, the carrier is porous. The carrier may be 
in the form of particles, such as spherical particles, monoliths, strips, mem- 
branes, filters, microchips or the like. In one embodiment, the particles are es- 
sentially spherical and in a range from about 1 u.m-1000 p,m in diameter, such 
as 10-500 um, preferably 40-130 urn, such as about 85 urn. In a specific em- 
bodiment, the particles are of a kind specifically designed for expanded bed ad- 
sorption, also known as fluidised bed adsorption. In this embodiment, the parti- 
cles are of a relatively high density, which is commonly obtained by providing 
them with high density fillers, such as quartz or stainless steel. Expanded bed 
adsorption separation matrices are commercially available, such as the Stream- 
line™ product group available from Amersham Biosciences, Uppsala, Sweden. 
In one embodiment, the support is comprised of a cross-linked carbohydrate 
material, such as agarose, agar, cellulose, dextran, chitosan, konjac, carra- 
geenan, gellan, or alginate. In the most preferred embodiment, the present car- 
rier is porous particles made from cross-linked agarose. The carbohydrate car- 
rier of the invention is easily prepared by the skilled person in this field in ac- 
cordance with standard methods, such as inverse suspension gelation (S 
Hjerten: Biochim Biophys Acta 79(2), 393-398 (1964). Alternatively, the sup- 
port is based on a commercially available product, such as Sepharose™ FF (a 
porous cross-linked agarose gel from Amersham Biosciences AB, Uppsala, 
Sweden), which product is easily provided with affinity ligands in accordance 
with standard methods. (See e.g. US 6,399,750 (Pharmacia Biotech) for an il- 
lustrative method of binding recombinant Protein A to a carrier, as well as ref- 
erences given therein.) 
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Alternatively, the carrier of the affinity ligands is comprised of any well known 
cross-linked synthetic polymer, such as styrene or styrene derivatives, divinyl- 
benzene, acrylamides, acrylate esters, methacrylate esters, vinyl esters, vinyl 
amides etc. Such polymers are easily produced according to standard methods, 
see e.g. "Styrene based polymer supports developed by suspension polymeriza- 
tion" (R Arshady: Chimica e L'Industria 70(9), 70-75 (1988)). Alternatively, a 
commercially available product, such as Source™ (Amersham Biosciences 
AB, Uppsala, Sweden) can be provided with affinity ligands e.g. by grafting 
and used in the method according to the invention. (For a review of different 
principles of grafting, see e.g. P F Rempp, P J Lutz: Comprehensive Polymer 
Science vol. 6, pp 403-421, Eds. G Allen et al, Oxford 1989. For preparation of 
synthetic chromatography supports by grafting, see WO 03/046063, Amersham 
Biosciences AB (Ihre et al)). 

In an illustrative embodiment, the affinity step of the present method utilises 
MabSelect™ (Amersham Biosciences, Uppsala, Sweden), which is comprised 
of recombinant Protein A ligands immobilised to a porous cross-linked agarose 
carrier. 

The carrier to which ion-exchange ligands have been immobilised may be any 
of the kinds discussed above in relation to the affinity step. Thus, in one em- 
bodiment, the carrier is comprised of porous cross-linked polysaccharide parti- 
cles to which ligands that exhibit charged groups have been immobilised. In 
one embodiment, the particles are essentially spherical and in a range from 
about 1 um-1000 um in diameter, such as 10-500 jj,m, such as about 90 pm. 
Said charged ligands may be positively charged, in case of an anion-exchanger, 
or negatively charged, in case of a cation-exchanger. 

In one embodiment, the ion-exchange ligands have been immobilised to a car- 
rier via extenders. Suitable extenders should be hydrophilic and may contain a 
plurality of groups selected, for instance, among hydroxy, carboxy, amino, re- 
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petitive ethylene oxide (-CH 2 CH 2 0-), amido etc. The extender may be in the 
form of a polymer such as a homo- or a copolymer. Hydrophilic polymeric ex- 
tenders may be synthetic or natural polymers. Typical synthetic polymers are 
polyvinyl alcohols, polyacryl- and polymethacrylamides, polyvinyl ethers etc. 
Typical natural polymers are polysaccharides, such as starch, cellulose, dex- 
tran, and agarose. The preferred polymeric extenders are often water-soluble in 
their free state, i.e. when they are not attached to the carrier. Water-insoluble 
polymers or polymers of low original hydrophilicity may be made more hydro- 
philic by introducing hydrophilic groups therein. The size of the extender will 
depend on several factors, such as number of attachment points to the carrier, 
the chemical nature of the extender, the structure and size of the ligand, substi- 
tution degree, crosshnking degree etc. The flexibility of the coating or layer 
formed by the extender on the carrier will be increased for a decrease in the 
number of attachment points to the base matrix per extender molecule and/or in 
the degree of crosslinking of the extender. Extenders enabling one-point at- 
tachment, for instance at a terminal monomelic unit, may be small. For poly- 
meric extenders for which attachment and/or crosslinking is possible at several 
monomelic units, i.e. tethered extenders, a larger size may be preferred. In one 
embodiment, the extenders are comprised of at least 30 monomeric units each, 
which for polysaccharides like dextran indicates a MW>5000 Da. 

In order to control the flexibility of the extender, it is often advantageous to 
first activate the base matrix and then link the extender to the matrix by reac- 
tion with the activated groups introduced. Typical activation reagents are bi- 
functional in the sense that they are able to react twice with electrophilic func- 
tional groups. Illustrative examples are epihalohydrins, bisepoxides, CNBr etc. 
Other Afunctional reagents require an intermediary activation reaction, for in- 
stance allyl glycidyl ether and styryl glycidyl ether. For the latter reagents the 
first reaction takes place at the oxirane group, whereafter activation is caused 
by addition of halogen to the carbon-carbon double bond. The preferred bifunc- 
tional reagents should give rise to bridges that are stable against hydrolysis in 



the pH interval used in liquid chromatography. (For further details regarding 
extenders, see e.g. WO 98/33572 (Amersham Pharmacia Biotech, Sweden). 
The extenders may alternatively be grafted to the carrier e.g. as described in the 
above discussed WO 03/046063, Amersham Biosciences AB (Dire et al)). 

In the most preferred embodiment, said extenders have been tethered to the car- 
rier, i.e. the extenders exhibit in average more than one contact point each with 
the carrier. In and advantageous embodiment, the extenders are comprised of a 
coating of dextran tethered to the carrier. Thus, this embodiment utilises an ion- 
exchange matrix which differs substantially from the one tested in the above 
discussed Chavez et al: "Increased Dynamic. . which used either Fractogel™ 
or Sepharose™. As mentioned above, Fractogel™ comprises ion-exchanger 
groups bonded to a carrier via linear polymer chains, and consequently will ex- 
hibit a much more flexible structure than a tethered extender. SP and Q Sepha- 
rose™ on the other hand are agarose carriers to which the ligands have been 
coupled via conventional spacers. Such spacers are substantially smaller mole- 
cules than extenders, and usually simply comprise the residues provided via the 
introduced activation and/or coupling agent. 

In an illustrative embodiment, the ion-exchange step of the present method util- 
ises SP or Q Sepharose™ XL (Amersham Biosciences, Uppsala, Sweden), 
which are comprised of cation exchanging ligands and anion exchanging 
ligands, respectively, immobilised to cross-linked agarose carriers via dextran 
extenders. 

In a specific aspect, the present invention relates to a method of isolating an 
antibody or antibody compound from other component(s) of a liquid, which 
method comprises at least one chromatographic step, wherein in one step, the 
liquid is contacted with an ion-exchange matrix to adsorb the antibody com- 
pound in the presence of a buffer comprising a non-ionic polyether and at a 
conductivity which is equivalent to at least 200 mM NaAc. The buffer compris- 
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ing the non-ionic polyether and the nature of the ion-exchange matrix are pref- 
erably as described above. 

The carrier to which hydrophobic Ugands have been immobilised may be any 
of the kinds discussed above in relation to the affinity step. In the preferred 
embodiment, the carrier is either made from a synthetic polymer, which is es- 
sentially hydrophobic as such, or from a carbohydrate material which has been 
made hydrophobic by modification of its hydrophilic groups, such as hydroxy 
groups. The hydrophobic groups of the present HIC matrix may be any well 
known kind, such as hydrophobic alkyl chains, aromatic groups etc. In one em- 
bodiment, the particles are essentially spherical and in a range from about 1 
|im-1000 fxm in diameter, such as 5-500 (im, preferably 5-25 |im, such as about 
15 (im. 

In addition, the present invention relates to the use of a non-ionic polyether, 
such as PEG, to the mobile phase of any series of two or more chromatographic 
steps. Such steps may be performed as conventional chromatography, i.e. by 
passing the mobile phase through a column packed with a separation matrix as 
described herein, or by expanded bed adsorption (EBA), wherein a fluidised 
bed is utilised. Thus, in addition to the above, the present invention may also or 
alternatively comprise a step of immobilised metal affinity chromatography 
(IMAC) and/or thiophilic chromatography, both of which are well known prin- 
ciples of chromatographic separation. 

As mentioned above, the present method is useful to purify biological com- 
pounds such as proteins, e.g. antibodies and antibody compounds, peptides and 
nucleic acids from one or more other components of a liquid. In a specific em- 
bodiment, the present method is used to purify a liquid from one or more target 
compounds, i.e. the desired product is a liquid free from said compound(s). In 
one embodiment of the present method, the target compound is a protein. Ex- 
amples of proteins are e.g. human serum albumin (HSA), ovalbumin, and lacto- 
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ferrin. In an advantageous embodiment, the target compound is an antibody, 
such as a monoclonal or a polyclonal antibody, or a functional fragment of such 
an antibody. The antibody may be from any mammal, such as a human, or it 
may be a humanised antibody. The antibody purified using the present method 
may be selected from the group that consists of IgG, IgA, IgM, IgD and IgE. 

Further, as is well known, therapeutic proteins and existing FDA-approved pro- 
teins are these days often modified with compounds that enhance their physical 
properties, such as solubility, hydrolytic stability and aggregation, as well as 
their biomedical properties, such as antigenicity, proteolytic stability, serum 
circulation time, and ease of delivery. At present, modification with 
poly(ethylene glycol) (PEG), commonly known as pegylation, is the most 
widely used for therapeutic applications. However, other compounds, such as 
PEG derivatives and neutral hydrophilic polymers, e.g. dextran, are alterna- 
tively used for such modification. The same kind of modification is also ap- 
plied to other molecules than proteins, such as low molecular weight organic 
drugs and drug candidates. Thus, in a specific embodiment, the target com- 
pound is a compound, which has been modified as described above, preferably 
with poly(ethylene glycol) (PEG). Such compounds are commonly known as 
pegylated compounds. 

In a second aspect, the present invention relates to a kit comprising at least two 
chromatography columns, each one packed with a matrix selected from the 
group that consists of affinity chromatography matrices, ion-exchange matrices 
and hydrophobic interaction chromatography (HIC) matrices; a buffer compris- 
ing a non-ionic polyether for addition to the mobile phase; and written instruc- 
tions for its use. In a specific embodiment, the column according to the inven- 
tion is provided with luer adaptors, tubing connectors, and domed nuts. The 
columns may be of any well-known kind and material, and their volume may 
be adapted to laboratory scale or to production scale, Le- small scale or large 
scale. The columns are prepacked with any two of the above mentioned kind of 



matrices. Further details to such matrices may be as presented above in the con- 
text of the first aspect of the invention. The non-ionic polyether may be as dis- 
cussed above in relation to the first aspect of the invention. In the most advan- 
tageous embodiment, the non-ionic polyether is poly(ethylene glycol) (PEG). 
The instructions provided in the kit according to the invention may explain any 
one of the above-described embodiments of the method according to the inven- 
tion. 

Finally, the present invention relates to a method of isolating an antibody com- 
pound from other components) of a liquid, which method comprises at least 
one chromatographic step, wherein in one step, the liquid is contacted with an 
ion-exchange matrix to adsorb the antibody compound in the presence of a 
buffer comprising a non-ionic polyether, wherein the ligands of the ion- 
exchange matrix have been immobilised to one or more porous carriers via 
dextran extenders. The nature of the ion-exchange matrix and the polyether 
may be as described above. Thus, in an advantageous embodiment, the non- 
ionic polyether is poly(ethylene glycol) (PEG). In one embodiment, the carriers 
are comprised of cross-linked polysaccharide particles. The invention also en- 
compasses a kit for isolation of antibodies, which kit comprises, in separate 
compartments, an ion-exchange matrix wherein the ligands have been immobi- 
lised to porous carriers via dextran extenders, a buffer comprising 
poly(ethylene glycol) (PEG); and written instructions for adsorption of antibod- 
ies to the matrix. The kit is useful in the above described method. 

Detailed description of the drawings 

Figure 1 compares a three-step protein purification process according to the in- 
vention in the presence (right) and absence (left) of a non-ionic polyether, in 
this case PEG. More specifically, the illustrating process comprises the steps of 
affinity chromatography, ion-exchange chromatography and hydrophobic in- 
teraction chromatography. It appears clearly how the invention enables to re- 
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duce the number of unit operations, e. g. buffer dilution/desalting, necessary to 
interface the chromatographic steps. 

Figure 2 compares a three-step protein purification process according to the in- 
vention in the presence (right) and absence (left) of a non-ionic polyether, in 
this case PEG. More specifically, the illustrating process comprises the steps of 
affinity chromatography, ion-exchange chromatography and ion-exchange 
chromatography. Again, it appears clearly how the invention enables to reduce 
the number of unit operations, e. g. buffer dilution/desalting, necessary to inter- 
face the chromatographic steps. 

Figure 3 shows the effect of 8% PEG 10000 at increasing dynamic capacity of 
two commercial ion-exchange media, namely SP Sepharose™ FF (Amersham 
Biosciences, Uppsala, Sweden) and, to a greater extent, SP Sepharose™ XL 
(Amersham Biosciences, Uppsala, Sweden), which comprises dextran extend- 
ers, for bovine serum albumin (BSA). The results obtained are compared to the 
expected ion-exchange effect of different lyotropic buffer salts. 
Figure 4 is a chromatogram showing SP Sepharose™ XL frontal analysis 
(chromatographic loading and elution) using BSA with NaAcetate pH 4.75 
buffer plus 8% PEG 10000 protein loading, washing in same protein-free solu- 
tion with protein retention on column, and elution in same buffer at pH 5.25 
and without PEG. Raising elution buffer salt concentration to 1.1 M does not 
enhance recovery. 

Figure 5 shows in a diagram how the BSA dynamic capacity of SP Sepha- 
rose™ XL media for BSA in 1 10 mM NaAcetate pH 4.75 increases with added 
mobile phase concentration (addition at adsorption) of PEG 10000. 
Figure 6 shows how mobile phase added PEG increases the dynamic capacity 
of SP Sepharose™ FF and SP Sepharose™ XL for various proteins including 
BSA and lactoferrin, which in the absence of PEG show reduced dynamic ca- 
pacity in the SP Sepharose™ XL versus SP Sepharose™ FF media. 
Figure 7 shows how mobile phase added PEG enhances the dynamic capacity 
of SP Sepharose™ XL media for both polyclonal and monoclonal antibody 



samples, with the effect more pronounced in buffers with higher salt concentra- 
tion. 

Figure 8 shows how mobile phase added PEG is able to also enhance the dy- 
namic capacity of the commercially available affinity chromatography matrix 
MabSelect™, which comprises Protein A ligands attached to a carrier of cross- 
linked agarose (Amersham Biosciences, Uppsala, Sweden) for polyclonal anti- 
body. Direct influence of PEG 10000 concentration on the dynamic capacity 
(Qbio% by frontal analysis) of hi substituted prototype MabSelect affinity media 
for polyclonal human IgG (GammaNorm™). Conditions are 1 mg/ml protein 
in 0.15M NaCl, 0.2M NaPhosphate pH 7.4, 2 ml bed HR 5/10 column with 2.4 
min residence time. Comparable results for commercial MabSelect media are 
0% = 26 mg/ml, 4% PEG = 36 mg/ml and 6% PEG =. 43 mg/ml. 

EXPERIMENTAL PART 

The present examples are provided for illustrative purposes only, and should 
not be construed as limiting the scope of the appended claims. All references 
cited below and elsewhere in the present application are hereby included herein 
by reference. 

Example 1 

In this example, a typical determination of dynamic capacity using frontal 
analysis was performed according to well known principles, as disclosed e.g. in 
Protein Purification - Principles, High Resolution Methods and Applications 
(J.-C Janson and L. Ryden, 1989 VCH Publishers, Inc.). Studies were per- 
formed on AKTA™ chromatography work station (Amersham Biosciences, 
Uppsala, Sweden) using standard HR 5/10 or 5/5 columns (Amersham Biosci- 
ences, Uppsala, Sweden) packed with 1ml or 2 ml, respectively, of the cation- 
exchange matrices SP Sepharose™ XL™ or SP Sepharose™ FF (Amersham 
Biosciences, Uppsala, Sweden), buffer salts and protein (bovine serum aibu- 



22 



min, BSA) from Sigma-Aldrich. The buffer solutions were all at room tem- 
perature and 50 mM salt adjusted to pH 4.75. BSA in solution at 4 mg/ml was 
slowly (<1 ml/min, see below) pumped through the column, which adsorbed 
the protein until such time as the column reached its dynamic capacity. At this 
point UV A280 nm of solution coming off the column started to increase. Tak- 
ing the volume at which this A280 reaches 10% of the value of the 4 mg/ml 
protein loading solution and multiplying by the amount of solution pumped 
through the column, then dividing by the column bed volume indicates the 
amount of protein on the column (mg/ml packed media) or Qbio%- This value 
can also be checked against the amount of protein recovered from the column 
when it is washed with buffer at higher salt concentration (e. g. 0.5 M) and/or 
at pH close to that of the protein (e. g. 5.3 for BSA). Such a comparison indi- 
cates adsorbed versus recovered protein. In the present experiment, the frontal 
analysis was run using normal buffer (noted salt plus 5 mM NaAc with pH ad- 
justed to 4.75) with and without 8% (w/w) added PEG 10000 (Fluka), which 
readily dissolves in the buffer. Generally speaking for ion-exchange chroma- 
tography one might expect Q B io% to increase as the initial buffer salt changes in 
the lyotropic order Nal to NaCl to NaAc to NaF. Such results are shown for SP 
Sepharose™ FF (SPFF) and SP Sepharose™ XL (SPXL) media in Figure 3 
under conditions with and without addition of 8% PEG. The figure also indi- 
cates that (a) under these normal, low IEX adsorption salt concentration, i.e. 50 
mM, conditions the BSA dynamic capacity of SPFF exceeds that of SPXL, and 
(b) addition of PEG slightly increases SPFF dynamic capacity but greatly in- 
creases SPXL capacity to a more useful dynamic capacity. See also Figure 4. 

Example 2 

In this example, simple BSA frontal analysis data were obtained for SPXL me- 
dia (as described above for Figure 3) run in 5/10 column with protein being ini- 
tially adsorbed from 0.22M NaAcetate buffer pH 4.75 containing 8% PEG 
10000 (Fluka). This is 4x the normal IEX adsorption salt concentration, e. g. 
0.05M, see example 1 above. The results are shown in Figure 4. At 10% break- 
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through, the column is washed with the same buffer containing PEG to demon- 
strate that protein does not wash off the column. The protein on the column is 
then eluted using similar 0.22M NaAcetate buffer at pH 5.25 (closer to the pi 
of BSA) without added PEG. The protein is seen to elute in a sharp peak with 
total of 180 mg protein or 90 mg/ml SPXL, to be compared with Figure 3 and 
values of 20 and 60 mg/ml for BSA on SPXL at 0.05M NaAcetate. Following 
the same process but eluting with 1.1M buffer does not significantly enhance 
protein dynamic capacity. 

Example 3 

In this example, the effect of increasing mobile phase added PEG 10000 
(Fluka) on the dynamic capacity data of SPXL media for BSA obtained as de- 
scribed above was studies, but with adsorption using 1 10 mM NaAcetate buffer 
at pH 4.75. The results are shown in Figure 5. As can be expected, at PEG con- 
centrations approaching 10% the relatively high salt concentration caused solu- 
tion clouding and protein precipitation. 

Example 4 

In this example, 8% w/w PEG 8000 (Sigma) was added to the mobile phase 
and the SPXL dynamic binding capacities of several proteins was determined 
using the procedures similar to those described above for Figures 1 to 3. More 
specifically, the proteins were BSA and lactoferrin from Sigma-Aldrich, and 
GammaNorm™ polyclonal human IgG from OctaFarma. The results are shown 
in Figure 6. The adsorption buffer was 1 10 mM NaAcetate pH 4.75 with and 
without 8% added PEG 8000 (Sigma). It should be noted that under these con- 
ditions of relatively high salt concentration, both lactoferrin and BSA normally 
show both reduced and poor dynamic capacity in SPXL compared to SPFF 
media. However addition of PEG to the mobile phase greatly enhanced the dy- 
namic capacity of these proteins as well as that of monoclonal human antibody. 



Example 5 

In this example, the effect of added 8% w/w PEG 8000 (Sigma) on SPXL dy- 
namic binding capacities of several proteins were determined using the proce- 
dures similar to those described above for Figures 3 and 4. More specifically, 
the proteins were BSA from Sigma- Aldrich, GammaNorm™ polyclonal human 
IgG preparation from OctaFarma, and a research lab monoclonal antibody sam- 
ple from Amersham Biosciences. The results are shown in Figure 7. HR 5/5 
columns packed with 1 ml of SPXL were run at 0.33 ml/mku Adsorption 
buffers were 15 mM NaAcetate pH 5 (approx 2mS/cm) and 15mM NaAcetate 
pH 5 with added 200 mM NaCl to reach 10 mS/cm. 

Example 6 

In this example, the effect of mobile phase added PEG (0 to 8% w/w PEG 
10000 from Fluka) on the dynamic capacity of an affinity chromatography ma- 
trix, namely MabSelect™ (Amersham Biosciences, Uppsala which comprises 
protein A ligands, for polyclonal human antibody was studied. The results are 
shown in Figure 8. The media was a MabSelect research sample (U631029A of 
slightly higher than normal protein A content) from Amersham Biosciences 
and the protein was GammaNorm from OctaFarma. Approximately 2ml of me- 
dia was packed in HR 5/10 column (Amersham Biosciences) and run at 240 
cm/h with 2 A min residence time using buffer containing 150 mM NaCl and 20 
mM NaPhosphate pH 7 A Protein was eluted in 30 mM NaCitrate pH 3 solu- 
tion and columns were cleaned of residual protein using 0.01M NaOH solution. 
Similar results with slightly lower dynamic capacity values (i.e. 43 mg/ml with 
6% PEG) were obtained using commercial MabSelect media (not shown). In 
addition gel filtration studies done under the above conditions suggested the 
apparent increase in dynamic capacity was not due to protein-protein interac- 
tions such as aggregation (results not shown) and that the PEG could be added 
up to 6% to real fermentation feed (not shown). 
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CLAIMS 

1 . A method of isolating a target compound from other component(s) of a liq- 
uid by at least two chromatographic steps, which method comprises to con- 
tact the liquid, in any sequence of order, with an affinity chromatography 
matrix and/or an ion-exchange matrix and/or a hydrophobic interaction 
chromatography matrix to provide interactions between the target com- 
pound and the matrices, wherein the contacting with at least one of the ma- 
trices takes place in the presence of a buffer which comprises a non-ionic 
polyether. 

2. A method according to claim 1, which comprises two or more consecutive 
ion-exchange steps. 

3. A method according to claim 1, which comprises an affinity step followed 
by an ion-exchange step, 

4. A method according to claim 1, which comprises an ion-exchange step fol- 
lowed by a hydrophobic interaction chromatography step. 

5. A method according to any one of the proceeding steps, which comprises 
three chromatographic steps. 

6. A method according to any one of the preceding steps, wherein at least two 
steps are performed in the presence of a non-ionic polyether. 

7. A method according to any one of the preceding claims, wherein the non- 
ionic polyether is poly(ethylene glycol) (PEG). 

8. A method according to any one of the preceding claims, wherein the target 
compound is an antibody or an antibody compound. 

9. A method according to any one of the preceding claims, which comprises 
an affinity step using a matrix comprised of protein ligands immobilised to 
porous carriers. 

10. A method according to claim 9, wherein the protein ligands comprises one 
or more of the immunoglobulin-binding domains of Protein A. 

1 1 . A method according to claim 9 or 10, wherein the carriers are comprised of 
cross-linked polysaccharide particles. 
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12. A method according to any one of the preceding claims, which comprises 
an ion-exchange step using a matrix comprised of ligands comprising 
charged groups, which ligands have been immobilised to a carrier via ex- 
tenders. 

13. A method according to claim 12, wherein the extenders are provided by 
coating the carrier surfaces with dextran. 

14. A method according to claim 12 or 13, wherein the carriers are comprised 
of porous cross-linked polysaccharide particles. 

15. A kit comprising at least two chromatography columns, each packed with a 
matrix selected from the group that consists of an affinity chromatography 
matrix, an ion-exchange matrix and a hydrophobic interaction chromatog- 
raphy matrix; a buffer comprising a non-ionic polyether for addition to the 
mobile phase; and written instructions for its use for antibody purification. 

16. A kit according to claim 15, wherein the non-ionic polyether is 
poly(ethylene glycol) (PEG). 

17. A method of isolating an antibody compound from other component(s) of a 
liquid, which method comprises at least one chromatographic step, wherein 
in one step, the liquid is contacted with an ion-exchange matrix to adsorb 
the antibody compound in the presence of a buffer comprising a non-ionic 
polyether and at a conductivity which is equivalent to at least 200 mM 
NaAc. 

18. A method according to claim 17, wherein the non-ionic polyether is 
poly(ethylene glycol) (PEG). 

19* A method according to claim 17 or 18, wherein the ion-exchange matrix 
comprises charged ligands, which have been immobilised to one or more 
porous carriers via extenders. 

20. A method according to claim 19, wherein the extenders are provided by 
coating the carrier surfaces with dextran. 

21 . A method according to any one of claims 17-20, wherein the carriers are 
comprised of cross-linked polysaccharide particles. 



27 



22. A method of isolating an antibody or an antibody compound from other 
components) of a liquid, which method comprises at least one chroma- 
tographic step, wherein in one step, the liquid is contacted with an ion- 
exchange matrix to adsorb the antibody compound in the presence of a 
buffer comprising a non-ionic polyether, wherein the ligands of the ion- 
exchange matrix have been immobilised to one or more porous carriers via 
dextran extenders. 

23. A method according to claim 22, wherein the non-ionic polyether is 
poly (ethylene glycol) (PEG). 

24. A method according to claim 22 or 23, wherein the carriers comprises of 
cross-linked polysaccharide particles. 

25. A kit for isolation of antibodies, which kit comprises, in separate compart- 
ments, an ion-exchange matrix wherein the ligands have been immobilised 
to porous carriers via dextran extenders, a buffer comprising poly(ethylene 
glycol) (PEG); and written instructions for adsorption of antibodies to the 
matrix. 



ABSTRACT 

The present invention relates to a method of isolating a target compound from 
other components of a liquid, which method comprises at least two chroma- 
tographic steps, in any sequence of order, wherein the mobile phase is con- 
tacted with an affinity chromatography matrix and/or an ion-exchange matrix 
and/or a hydrophobic interaction chromatography matrix, and wherein a non- 
ionic polyether is present in the mobile phase as it is contacted with the matri- 
ces. In the most preferred embodiment, the non-ionic polyether is poly(ethylene 
glycol) (PEG). 
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Figure 4: 

Demonstration that the "PEG effect" can be used to enhance performance of SPXL 
media for BSA. 
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Figure 5: 

Direct influence of PEG 10000 concentration on the dynamic capacity (Q B io& by 
frontal analysis) of SPXL IEX media for bovine serum albumin (BSA). BSA loaded 
on column at 4 mg/ml, pH 4.75 in buffer of elevated tonicity (110 mM NaAcetate). At 
PEG concentrations at or above 8%, precipitation effects may occur. 
Figure 6. Demonstration that PEG Effect for 8% w/w PEG 8000 in 1 10 mM 
NaAcetate 4.75 buffer of elevated tonicity works for various proteins including BSA, 
lactoferrin and human antibody. 
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Figure 7: 

Effect of both mobile phase salt concentration and added 8% PEG 10000 on 
SPXL dynamic capacity (QB10%) for polyclonal human (GammaNorm™) and 
monoclonal antibody samples 
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Figure 8 



